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To evaluate the tolerability and liver safety profiles of the systemic antifungal agents commonly used for the
treatment of invasive fungal infection, we conducted a systematic review and meta-analysis of randomized
controlled trials published before 31 August 2009. Two reviewers independently applied selection criteria,
performed quality assessment, and extracted data. We used the beta-binomial model to account for variation
across studies and the maximum likelihood method to estimate the pooled risks. We identified 39 studies with
more than 8,000 enrolled patients for planned comparisons. The incidence rates of treatment discontinuation
due to adverse reactions and liver injury associated with antifungal therapy ranged widely. The pooled risks
of treatment discontinuation due to adverse reactions were above 10% for amphotericin B formulations and
itraconazole, whereas they were 2.5% to 3.8% for fluconazole, caspofungin, and micafungin. We found that 1.5%
of the patients stopped itraconazole treatment due to hepatotoxicity. Furthermore, 19.7% of voriconazole users
and 17.4% of itraconazole users had elevated serum liver enzyme levels, although they did not require
treatment discontinuation, whereas 2.0% or 9.3% of fluconazole and echinocandin users had elevated serum
liver enzyme levels but did not require treatment discontinuation. The results were similar when we stratified
the data by empirical or definitive antifungal therapy. Possible explanations for antifungal agent-related
hepatotoxicity were confounded by antifungal prescription to patients with a high risk of liver injury, the
increased chance of detection of hepatotoxicity due to prolonged treatment, or the pharmacological entity.

Invasive fungal infection is a leading cause of morbidity and
mortality among immunocompromised and debilitated pa-
tients, including those with hematological malignancy, solid
organ or bone marrow transplantation, and neutropenia and
those receiving systemic corticosteroid therapy. Candida spe-
cies and Aspergillus species are the two predominant causative
fungi, with the case fatality rates being 30% and 50% among
those infected with members of these two fungal genera, re-
spectively (19, 53). Over the past few decades, amphotericin B
has been the mainstay treatment of candidiasis and aspergil-
losis, whereas fluconazole has been extensively used among
patients with Candida albicans infection. After randomized
controlled trials showed that extended-spectrum azoles (itra-
conazole, voriconazole, posaconazole) and echinocandins
(anidulafungin, caspofungin, micafungin) had efficacies similar
to those of amphotericin B and fluconazole, these newer anti-
fungal agents have been used more frequently for the treat-
ment of patients with probable or proven invasive fungal in-
fection (18, 32, 56, 59, 81). Current practice guidelines
recommend amphotericin B formulations, fluconazole, and
echinocandins as first-line therapy for patients with candi-

demia; and amphotericin B formulations or voriconazole
are the drugs of choice for the primary therapy of invasive
aspergillosis (32, 56, 59, 81). For patients who fail the pri-
mary therapy or who have intolerable adverse reactions, the
common practice is to switch to a different class of antifun-
gal agents (60, 73).

With regard to the safety of antifungal therapies, amphoter-
icin B desoxycholate is known for its infusion-related adverse
effects and nephrotoxicity; approximately 30% of patients de-
veloped abnormal renal function during treatment, and treat-
ment was discontinued in 5% of patients because of toxicity (4,
28). Other amphotericin B formulations, including amphoter-
icin B colloidal dispersion, amphotericin B lipid complex, li-
posomal amphotericin B (Ambisome), and other, newer anti-
fungal agents, are associated with substantially fewer infusion-
related and nephrotoxic events. However, hepatotoxic
reactions to antifungal agents were increasingly reported and
ranged from mild and asymptomatic abnormalities in liver
function test results to potentially fatal fulminant hepatic fail-
ure (17, 20, 25, 35, 74, 88). While individual reviews of new
antifungal agents have been published (7, 16, 24, 27, 28, 29, 34,
41, 47, 50, 67, 68, 71), there has been no systematic evaluation
of the liver toxicity associated with these treatments. We con-
ducted a systematic review and meta-analysis to evaluate the
safety information from published studies of definitive therapy
for invasive fungal infection and empirical antifungal use for
prolonged febrile neutropenia and calculated the absolute risk
estimates associated with these treatment regimens.
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MATERIALS AND METHODS

We followed the recommendations of the Quality of Reporting of Meta-
Analyses (QUOROM) conference in conducting this systematic review (51).

Literature search strategy. We searched Medline, Embase, the Cochrane
Library (which includes the Cochrane Database of Systematic Reviews, the
Database of Abstracts of Reviews of Effects, and the Cochrane Register of
Controlled Trials), and the ClinicalTrials.gov website for relevant articles. The
Medical Subjects Heading (MeSH) terms used for keyword and text word
searches included antifungals, amphotericin, Ambisome, itraconazole, flucon-
azole, voriconazole, posaconazole, caspofungin, micafungin, anidulafungin, fun-
gemia, aspergillosis, and candidiasis. The references of 13 review articles on
treatments for invasive fungal infection and empirical antifungal treatments for
febrile neutropenia were examined to identify additional studies that were not
found in the computerized databases (7, 16, 24, 27, 28, 29, 47, 34, 41, 50, 67, 68,
71). Additional reports were identified from the reference lists of those articles.

Selection criteria for studies. We included trials that mainly enrolled adult
patients who had suspected or documented invasive fungal (Aspergillus, Candida)
infections or persistent febrile neutropenia and who were receiving empirical,
preemptive, or definitive antifungal therapy. Only articles in the English lan-
guage published before 31 August 2009 were included. We excluded trials that
enrolled only neonatal or pediatric patients, pharmacokinetic studies, mycology
studies, and studies focusing on drug-drug interactions. We also excluded studies
of asymptomatic patients received antifungal therapy as prophylaxis or preven-
tion, studies enrolling patients with superficial (dermatomycosis, onychomycosis)
and mucocutaneous (mucositis, gingivitis, esophagitis, vaginitis) fungal infec-
tions, studies focusing on infusion-related or renal toxicity, and studies of com-
bination antifungal treatments. The main analytical results were obtained by
combining data only from randomized controlled trials. In the auxiliary analysis,
we added data from nonrandomized controlled trials and case series and cohort
studies to increase the generalizability of our study results.

Trials of systemic amphotericin B formulations (amphotericin B desoxy-
cholate, amphotericin B colloidal dispersion, amphotericin B lipid complex,
liposomal amphotericin B), itraconazole, fluconazole, voriconazole, caspofungin,
micafungin, and anidulafungin, with or without subsequent oral therapy, as one
of the treatment arms were included, regardless of the antifungal dosage or the
length of therapy. We did not evaluate studies of miconazole, ketoconazole, oral
amphotericin B, or amphotericin B intralipid mixture, as they are no longer
considered standard treatments for invasive fungal infection. Treatment arms
involving sequential or salvage antifungal therapy were included only if clear
safety endpoints were reported for each treatment phase of the trials.

Safety outcomes. The primary outcome of interest was the cumulative inci-
dence of patients who withdrew from the study due to adverse reactions. Sec-
ondary outcomes of interest were the cumulative incidence of patients stopping
treatment due to abnormal liver function test results (abnormal serum transam-
inase, alkaline phosphatase, or bilirubin levels) and the cumulative incidence of
patients developing abnormal liver function test results during treatment but not
requiring discontinuation. We did not define the specific cutoff values for the
liver enzyme levels that warranted treatment termination because different cri-
teria were used in different studies.

Data extraction and quality assessment. Two physician reviewers (J.-L.W. and
C.-H.C.) independently evaluated each study and abstracted the relevant infor-
mation. Disagreement on the specific studies to be included in the analysis
between the two reviewers was resolved through discussion. The data abstracted
included study characteristics (author, year in which the results of the study were
published, study design, treatment regimen, dose, and duration), patient char-
acteristics (percentage of patients who were male; percentages of patients with
leukemia, neutropenia, and transplantation; and mean age), treatment indication
(empirical, definitive), the causative fungi (yeast, mold), sample size, efficacy
outcomes, and the proportions of patients who withdrew due to adverse events
and, more specifically, due to abnormal liver function test results, as well as the
proportion of patients developing abnormal liver function test results but not
requiring treatment discontinuation. Empirical therapy was defined as antifungal
use for patients with persistent febrile neutropenia, despite �3 days of treatment
with broad-spectrum antibiotics; definitive treatment was defined as antifungal
use for proven or probable invasive aspergillosis/candidiasis on the basis of
clinical, microbiological, radiological, and histopathological evidence. For each
treatment arm, the number of patients who received at least one dose of an
antifungal agent was used as the denominator of the cumulative incidence.
Studies that did not report these safety outcome data were excluded from the
analysis. Two reviewers independently evaluated the methodological quality of
each study. The quality of each study was assessed for the adequacy of allocation
sequence generation and concealment, the blinding of subjects and investigators

to treatment assignment, and the availability of data for intention-to-treat anal-
ysis.

Statistical analysis. Instead of evaluating relative-effect measures such as risk
difference, relative risk, or odds ratio, which required the same contrast of
comparison in all studies, we used absolute risk (cumulative incidence) as our
outcome of interest because it was not restricted by the comparative arms and its
interpretation has direct clinical meaning. As the trial designs varied consider-
ably in terms of the dosage, treatment duration, regimen, and adherence to oral
therapy, we used the beta-binomial model to account for the heterogeneity
across studies and the maximum likelihood method to estimate the pooled event
risks (12). From every eligible trial, we combined all treatment arms with the
same antifungal agent regardless of the dosage and duration and obtained the
summary estimates of cumulative incidence and their 95% confidence intervals
(CIs). In the situation in which few adverse events occurred, there were only one
or two studies of the treatment regimen group, or there was no significant
heterogeneity, the beta-binomial distribution was collapsed to a simple binomial
distribution and Wald confidence intervals were calculated (14). We used the
adjusted Wald method to calculate the point estimates and 95% CIs for those
risk estimates corresponding to no event (2). For rare outcomes, the lower
bounds of the CIs were set to be no smaller than zero.

In every case in which we used the beta-binomial model, we used the likeli-
hood ratio test to assess heterogeneity (30). The null hypothesis was that the
distribution is binomial, while the alternative hypothesis was that the distribution
is beta-binomial as a result of heterogeneity. In addition, we used Tarone’s Z
statistic to test for heterogeneity to corroborate the results from the likelihood
ratio tests (76). This Z statistic has an asymptotic standard normal distribution
under the null hypothesis of a binomial distribution.

Due to the heterogeneity among trials of antifungal therapy in terms of patient
characteristics, the dosage and duration of antifungal treatment, and the con-
comitant use of other medications, we stratified the results by treatment indica-
tion (empirical versus definitive treatment and yeast infection versus mold in-
fection) and calculated the pooled risks of three safety outcomes for the
following treatment categories: amphotericin B formulations, amphotericin B
desoxycholate and the lipid form of amphotericin B (including amphotericin B
colloidal dispersion, amphotericin B lipid complex, and liposomal amphotericin
B), fluconazole, itraconazole, voriconazole, and echinocandins (anidulafungin,
caspofungin, micafungin).

RESULTS AND DISCUSSION

We identified 8,177 studies that reported on definitive treat-
ment for invasive fungal infection or empirical therapy for
persistent febrile neutropenia from computerized literature
databases and reference lists of systematic reviews and identi-
fied articles (Fig. 1); 6,822 of them were reported in English
and were retrievable for review. A total of 262 randomized
trials were provisionally included for further review, after the
exclusion of studies focusing on cryptococcosis, histoplasmosis,
blastomycosis, and leishmaniasis; pharmacokinetic or mycol-
ogy studies; pharmacological studies; and reports not available.
Two internists independently reviewed all reports. The rele-
vant safety information was reported in 39 studies that met the
eligibility criteria, and those studies were included in the meta-
analysis. The 39 studies were published from 1989 through
2009 and had a total of 8,745 enrolled patients, and the number
of patients per study ranged from 28 to 1,111.

These 39 randomized controlled trials were head-to-head com-
parisons of a variety of antifungal agents or different dosages of
the same agent, and 21 studies included amphotericin B formu-
lations as a comparative arm. The characteristics of the study
regimen arms are summarized in Tables 1 and 2. Most trial
reports were based on intention-to-treat analysis. Thirteen of
them were double-blinded trials. The mean ages of the en-
rolled patients ranged from 18 to 61 years. For trials of em-
pirical antifungal treatment and definitive therapy against in-
vasive mold infection, substantially higher proportions of
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enrolled patients had neutropenia, leukemia, or transplanta-
tion compared with the proportion enrolled in trials of invasive
yeast infection. The common criterion of abnormal liver func-
tion was any liver enzyme level abnormality or a liver enzyme
level higher than two times the upper normal limit (UNL) after
treatment, and the common criterion for the discontinuation of
antifungal treatment was a liver enzyme level higher than five
times the UNL.

There was substantial variability in the reported risk of
safety outcomes among study arms receiving the same antifun-
gal agent (Tables 1 and 2). On the basis of the beta-binomial
model, the pooled risks of treatment discontinuation due to
adverse reactions were above 10% for the amphotericin B
formulations and itraconazole, whereas they were 2.2% to
3.8% for fluconazole, caspofungin, and micafungin (Table 3).
For itraconazole and micafungin, the pooled risks of develop-
ing abnormal liver function test results requiring treatment
termination were 1.5% to 2.7%, whereas they were 0.2% to

0.8% for the other antifungal agents. In addition, itraconazole
and voriconazole were also associated with a higher risk of
elevated serum liver enzyme levels that did not require treat-
ment discontinuation; for those two antifungals, the pooled
risks were 17.4% to 19.7%, whereas they were 2.0% to 9.3%
for fluconazole and the echinocandins. Micafungin had a low
pooled risk of elevated liver enzyme levels not requiring treat-
ment discontinuation. Anidulafungin, instead, had the lowest
risk of elevated serum liver enzyme levels not requiring the
cessation of treatment (pooled estimated risk, 2.0%).

Stratification of the analysis on different indications for an-
tifungal use showed that definitive treatment was associated
with a significantly higher risk of treatment discontinuation
due to abnormal liver function (likelihood ratio test, P �
0.048) than empirical treatment. The pooled risk of this safety
outcome was 1.3% (95% CI, 0.6%, 2.0%) for definitive treat-
ment, whereas it was 0.5% (95% CI, 0, 0.9%) for empirical
treatment (Table 4). For the other two safety outcomes, treat-

FIG. 1. Literature search and selection of published reports.

VOL. 54, 2010 REVIEW AND META-ANALYSIS OF ANTIFUNGAL THERAPY 2411



T
A

B
L

E
1.

C
ha

ra
ct

er
is

tic
s,

st
ud

y
qu

al
ity

,a
nd

sa
fe

ty
re

su
lts

of
ra

nd
om

iz
ed

co
nt

ro
lle

d
tr

ia
ls

of
em

pi
ri

ca
lt

he
ra

py
fo

r
in

va
si

ve
an

tif
un

ga
li

nf
ec

tio
n

in
cl

ud
ed

in
th

e
an

al
ys

is

T
re

at
m

en
t

an
d

au
th

or
,y

r
(r

ef
er

en
ce

)

Pa
tie

nt
s

St
ud

y
qu

al
ity

R
eg

im
en

T
re

at
m

en
t

du
ra

tio
n

(d
ay

s)

N
o.

of
pa

tie
nt

s

%
of

pa
tie

nt
s

w
ith

:

M
ea

n
ag

e
(y

r)

% m
al

e

%
of

pa
tie

nt
s

w
ith

:
A

llo
ca

tio
n

ge
ne

ra
tio

n
A

llo
ca

tio
n

co
nc

ea
lm

en
t

D
ou

bl
e

bl
in

di
ng

In
te

nt
io

n
to

tr
ea

t

D
is

co
nt

in
ua

tio
n

du
e

to
ad

ve
rs

e
re

ac
tio

n

D
is

co
nt

in
ua

tio
n

du
e

to
el

ev
at

ed
se

ru
m

tr
an

sa
m

in
as

e
le

ve
l

T
ra

ns
am

in
as

e
le

ve
l

el
ev

at
io

n
no

t
re

qu
ir

in
g

st
op

pi
ng

of
tr

ea
tm

en
t

N
eu

tr
op

en
ia

L
eu

ke
m

ia
T

ra
ns

pl
an

ta
tio

n

A
m

ph
ot

er
ic

in
B

fo
rm

ul
at

io
ns

E
O

R
T

C
39

.3
61

10
0

75
0

N
A

a
N

A
N

o
N

o
A

m
ph

ot
er

ic
in

B
,0

.6
m

g/
N

A
68

21
0

0
In

te
rn

at
io

na
l

kg
of

bo
dy

w
ei

gh
t/d

ay
A

nt
im

ic
ro

bi
al

T
he

ra
py

C
oo

pe
ra

tiv
e

G
ro

up
,1

98
9

(2
3)

N
o

an
tif

un
ga

lt
re

at
m

en
t

N
A

64
5

0
0

Pr
en

tic
e

et
al

.,
19

97
(6

2)
21

.4
59

98
59

N
A

N
A

A
de

qu
at

e
N

o
Y

es
A

m
bi

so
m

e,
1

m
g/

kg
/d

ay
N

A
11

8
N

A
N

A
11

A
m

bi
so

m
e,

3
m

g/
kg

/d
ay

N
A

11
8

N
A

N
A

22
A

m
ph

ot
er

ic
in

B
,1

m
g/

kg
/

da
y

N
A

10
2

N
A

N
A

20

Sc
ho

ffs
ki

et
al

.,
19

98
(6

9)
43

.4
69

10
0

69
N

A
N

A
N

A
N

o
Y

es
A

m
ph

ot
er

ic
in

B
,0

.7
5

m
g/

kg
/d

ay
in

5%
gl

uc
os

e
11

.3
24

0
0

21

A
m

ph
ot

er
ic

in
B

,0
.7

5
m

g/
kg

/d
ay

in
20

%
in

tr
al

ip
id

9.
9

27
0

0
17

Su
bi

ra
et

al
.,

20
04

(7
5)

45
.5

53
10

0
70

39
N

A
A

de
qu

at
e

N
o

Y
es

A
m

ph
ot

er
ic

in
B

lip
id

co
m

pl
ex

,1
m

g/
kg

/d
ay

8
49

4
2

22

A
m

ph
ot

er
ic

in
B

,0
.6

m
g/

kg
/d

ay
6

56
20

0
25

W
al

sh
et

al
.1

99
9

(8
2)

41
.5

54
10

0
54

46
A

de
qu

at
e

A
de

qu
at

e
Y

es
Y

es
A

m
bi

so
m

e
3

m
g/

kg
/d

ay
10

.8
34

3
0

0
18

A
m

ph
ot

er
ic

in
B

,0
.6

m
g/

kg
/d

ay
10

.3
34

4
0

0
20

W
hi

te
et

al
.,

19
98

(8
7)

36
62

10
0

27
69

N
A

A
de

qu
at

e
Y

es
Y

es
A

m
ph

ot
er

ic
in

B
co

llo
id

al
di

sp
er

si
on

,4
m

g/
kg

/d
ay

8
10

1
18

N
A

N
A

A
m

ph
ot

er
ic

in
B

,0
.8

m
g/

kg
/d

ay
7.

5
95

21
N

A
N

A

W
in

ga
rd

et
al

.,
20

00
(8

9)
45

53
10

0
33

49
N

A
N

A
Y

es
Y

es
A

m
bi

so
m

e,
3

m
g/

kg
/d

ay
8.

6
85

13
N

A
12

A
m

bi
so

m
e,

5
m

g/
kg

/d
ay

8.
3

81
12

N
A

12
A

m
ph

ot
er

ic
in

B
lip

id
co

m
pl

ex
,5

m
g/

kg
/d

ay
7.

5
78

32
N

A
12

A
zo

le
s

vs
am

ph
ot

er
ic

in
B

B
oo

ga
er

ts
et

al
.,

20
01

(6
)

48
.3

60
10

0
63

38
A

de
qu

at
e

N
A

N
o

Y
es

It
ra

co
na

zo
le

,2
00

m
g/

da
y

8.
5

19
2

19
3

11
A

m
ph

ot
er

ic
in

B
,1

m
g/

kg
/

da
y

7
19

2
38

0
8

E
lli

s
et

al
.,

19
95

(2
2)

24
.6

56
10

0
85

20
N

A
N

A
Si

ng
le

N
o

F
lu

co
na

zo
le

,4
m

g/
kg

/d
ay

(m
ax

im
um

,4
00

m
g/

da
y)

N
A

16
0

0
6

A
m

ph
ot

er
ic

in
B

,0
.5

m
g/

kg
/d

ay
N

A
25

0
0

4

M
al

ik
et

al
.,

19
98

(4
6)

33
.5

65
10

0
59

N
A

N
A

N
A

N
o

Y
es

F
lu

co
na

zo
le

,4
00

m
g/

da
y

7.
9

52
0

0
10

A
m

ph
ot

er
ic

in
B

,0
.5

m
g/

kg
/d

ay
8.

3
48

4
0

19

Sc
hu

le
r

et
al

.,
20

07
(7

0)
52

.5
69

10
0

73
42

N
A

N
A

N
o

Y
es

It
ra

co
na

zo
le

,2
00

m
g/

da
y

N
A

81
22

0
9

A
m

ph
ot

er
ic

in
B

,0
.7

-1
m

g/
kg

/d
ay

N
A

81
57

0
7

Si
lli

ng
et

al
.,

19
99

(7
2)

46
.1

58
10

0
85

N
A

N
A

N
A

N
o

Y
es

F
lu

co
na

zo
le

,5
.7

m
g/

kg
/

da
y

(m
ax

im
um

,4
00

m
g/

da
y)

N
A

51
0

0
N

A

A
m

ph
ot

er
ic

in
B

,0
.7

5
m

g/
kg

/d
ay

�
flu

cy
to

si
ne

N
A

47
0

0
N

A

2412 WANG ET AL. ANTIMICROB. AGENTS CHEMOTHER.



ment discontinuation due to adverse effects and elevation of
liver enzyme levels not requiring treatment termination, the
definitive and empirical treatments were similar and had
largely overlapping confidence intervals (P � 0.71 and P �
0.098, respectively). We also conducted an analysis stratified
on the basis of different fungal infections (candidiasis versus
aspergillosis). The pooled risk of treatment discontinuation
due to all adverse effects was 16.5% (95% CI, 5.0%, 27.9%) for
aspergillosis, which was higher than the pooled risk of 6.1%
(95% CI, 3.7%, 8.5%) for candidiasis. Similarly, the risks of
achieving elevated liver enzyme levels not requiring treatment
termination were also higher for aspergillosis (Table 5).

In the auxiliary analysis, we added data from nonrandom-
ized controlled trials and case series and cohort studies to
increase the generalizability of our study results. An additional
37 reports with a total of 3,191 patients were identified and
included in the planned comparison (see the references in the
supplemental material). In the auxiliary analysis that added
data from those studies, the safety profiles of the different
antifungal regimens generally followed the same order as the
results from the randomized trials (see Tables S1 and S2 in the
supplemental material).

In this meta-analysis, we found, in general, that fluconazole
had better hepatic safety profiles than the other antifungal
agents, with the risk of abnormal liver function test results
requiring or not requiring treatment termination being 0.7%
and 9.3%, respectively. These findings, which are in accor-
dance with the results from previous meta-analyses and pop-
ulation-based studies, suggest that fluconazole is well-tolerated
and safe (9, 28). We also observed that the use of echinocan-
dins is associated with a lower risk of liver injury. Since echi-
nocandins and fluconazole are mostly used for the treatment of
candidiasis and not aspergillosis, this may partially contribute
to the low incidence of hepatic dysfunction associated with
these drugs.

We found that while up to 12 to 20% of patients who re-
ceived amphotericin B formulations in clinical trials stopped
treatment due to all adverse reactions, less than 1% stopped
treatment due to liver injury. In addition, 12 to 23% of patients
who received therapy with amphotericin B formulations devel-
oped abnormal liver function test results but continued with
treatment. This result was comparable to that in a prior meta-
analysis, which reported that 14 to 19% of patients developed
abnormal liver function test results during treatment with an
amphotericin B formulation, but only less than 1% discontin-
ued treatment due to hepatotoxicity (28). Previous studies re-
vealed that the abnormal liver function observed during am-
photericin B treatment was mild and reversible (33, 49, 83). A
recent autopsy study of patients with hematological malignan-
cies did not find direct histopathological evidence of hepato-
toxicity related to amphotericin B treatment, while many cases
of abnormal liver function test results during treatment were
thought to be caused by underlying disease, such as tumor
infiltration, fungal infection in the liver, and graft-versus-host
disease (10). The pooled estimate that 12 to 23% of patients
receiving amphotericin B formulations developed elevated
liver enzyme levels might be interpreted as the background
rate of liver injury among patients with suspected or docu-
mented invasive fungal infection.

In this study, we found that 19% of patients terminated
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itraconazole treatment due to an adverse reaction and 1.5%
stopped due to hepatotoxicity, similar to the proportions of the
high incidence of liver injury reported previously (9, 28). Fur-
thermore, voriconazole seemed to present a higher risk of liver
injury, even though voriconazole use may not lead to treatment
discontinuation. The pooled risk was as high as 20% for vori-
conazole, whereas the pooled risks were 2 to 9% for flucon-
azole and the echinocandins and 12% for amphotericin B
desoxycholate. In the auxiliary analysis of nonrandomized
studies, voriconazole also showed a safety profile similar to
that described above. The pooled risk of an elevation of liver
enzyme levels requiring the cessation of treatment was as high
as 11.6% for voriconazole, whereas the pooled risks ranged
from 0 to 2.6% for the other antifungals. There are possible
explanations for this apparent liver injury among voriconazole
users. First, compared with the patients enrolled in trials of

echinocandins, more of the patients enrolled in studies of vori-
conazole were bone marrow transplant recipients having a
documented invasive fungal infection, especially aspergillosis,
who were at high risk of graft-versus-host disease and who may
also have been receiving concomitantly medications that were
hepatotoxic. Second, compared with empirical antifungal use,
studies of the activity of voriconazole against definitive mold
infection had longer treatment durations and may have had
more opportunities to detect liver injury. However, this in-
creased risk of liver injury in association with voriconazole/
itraconazole use still persisted even after we stratified the re-
sults according to treatment indication and especially when the
risk was compared with the risk for those who received am-
photericin B formulations for the same treatment indication.
This finding was compatible with that of a study of Riedel and
colleagues of antifungal prophylaxis in patients with neutrope-

TABLE 3. Pooled risk estimates of safety outcomes from randomized controlled trials of therapy against invasive fungal infection

Drug(s)
No. of trial

arms
included

Total no. of
patients
included

% of patients with:

Treatment discontinuation
due to adverse effects

Elevation of liver enzyme
levels requiring stopping of

treatment

Elevation of liver enzyme
levels not requiring stopping

of treatment

Pooled estimate 95% CI Pooled estimate 95% CI Pooled estimate 95% CI

Amphotericin B formulationsa 41 4,775 13.4 8.9–17.8 0.4 0.1–0.8 14.1 10.3–18.0
Itraconazole 3 293 18.8 14.3–23.2 1.5 0–4.0 17.4 3.9–31.0
Fluconazole 10 697 2.2 0–4.6 0.7 0–1.4 9.3 4.0–14.5
Voriconazole 3 881 9.5 2.3–16.8 NAb NA 19.7 16.8–22.6
Anidulafungin 4 251 8.4 3.6–13.1 0.8 0–2.3 2.0 0.3–3.7
Caspofungin 5 1,075 3.8 2.7–5.0 0.2c 0.1–0.4c 7.0 4.1–9.9
Micafungin 3 666 3.6 2.2–5.0 2.7 0.7–4.6 3.0 1.0–5.1

a Including amphotericin B desoxycholate, amphotericin B colloidal dispersion, amphotericin B lipid complex, and liposomal amphotericin B.
b NA, not available.
c Adjusted Wald method for point estimate and confidence interval.

TABLE 4. Pooled risk estimates of safety outcomes from randomized controlled trials of therapy against invasive fungal infection

Type of therapy and drug(s)
No. of trial

arms
included

No. of total
patients
included

% of patients with:

Treatment discontinuation
due to adverse effects

Elevation of liver enzyme
levels requiring stopping of

treatment

Elevation of liver enzyme
levels not requiring stopping

of treatment

Pooled estimate 95% CI Pooled estimate 95% CI Pooled estimate 95% CI

Empirical therapy
Amphotericin B formulationsa 23 3,224 13.9 7.3–20.5 0.2 0–0.6 14.5 10.5–18.5
Amphotericin B deoxycholate 13 1,282 15.4 5.6–25.3 0.2 0–0.4 13.3 6.8–19.9
Lipid form amphotericin Bb 10 1,942 11.2 3.5–18.9 0.7 0–3.2 16.2 12.9–19.4
Fluconazole 5 333 0.3 0–0.9 0.3 0–0.9 8.6 1.0–16.1
Itraconazole 2 273 19.8 15.1–24.5 1.9 0–4.5 10.3 6.7–13.9
Echinocandins 1 564 4.8 3.0–6.5 NAc NA 8.7 6.4–11.0
All antifungal agents 32 4,809 11.4 6.3–16.5 0.5 0–0.9 13.3 10.2–16.5

Definitive therapy
Amphotericin B formulationsa 18 1,551 12.7 7.2–18.3 0.9 0.1–1.6 13.5 6.2–20.9
Amphotericin B deoxycholate 8 680 10.0 2.5–17.5 0.3d 0.1–0.7d 11.0 3.9–18.1
Lipid form amphotericin Bb 10 871 14.9 7.3–22.4 1.2 0.2–2.3 15.7 3.9–27.5
Fluconazole 5 364 4.6 0–9.5 1.3 0–2.8 9.8 2.5–17.0
Voriconazole 2 466 14.7 10.5–18.9 NA NA 21.5 17.7–25.2
Echinocandins 11 1,428 3.7 2.5–4.9 1.0 0–2.3 3.8 2.0–5.5
All antifungal agents 38 3,936 8.9 5.9–11.9 1.3 0.6–2.0 11.7 7.5–15.9

a Including amphotericin B desoxycholate, amphotericin B colloidal dispersion, amphotericin B lipid complex, and liposomal amphotericin B.
b Including amphotericin B colloidal dispersion, amphotericin B lipid complex, and liposomal amphotericin B.
c NA, not available.
d Adjusted Wald method for point estimate and confidence interval.
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nia, which suggested that voriconazole had a greater risk of
causing severe hepatic toxicity than either amphotericin B or
fluconazole (66). Nevertheless, a comparison of the data in the
literature led an FDA advisory committee to conclude that in
severely ill populations, the risk of hepatotoxic reactions asso-
ciated with voriconazole use is not greater than that associated
with the use of other antifungal agents (61). The liver toxicity
caused by voriconazole may be attributed to the dosing regi-
mens used, the serum drug concentration, or cytochrome P450
polymorphisms (15, 17, 43, 45). Several researchers suggested
that voriconazole therapeutic drug monitoring may improve
treatment efficacy and safety among those with a higher risk of
liver toxicity (40, 45, 48, 58). Further studies examining the
association between genetic factors and plasma voriconazole
concentrations are needed to identify patients at high risk of
voriconazole-induced hepatotoxicity (44, 45, 48, 58).

In this study we assumed that the risks of adverse events
reported in different studies varied as a function of the study
attributes and that they followed a beta distribution. This as-
sumption, plus the binomial assumption for the risk of adverse
events within each study, led us to use a beta-binomial model.
This parametric model captures the variation across studies
but does not require the strong assumption of fixed-effect mod-
els. The beta-binomial model has been widely used to evaluate
drug safety profiles, including in our prior research on oral
antifungal treatments for superficial dermatophytosis and on-
ychomycosis (11). Several limitations of our study should be
considered. First, in this study we tried to combine individual
study results and compare the average risks of three important
safety outcomes across the trials. The treatment groups were
heterogeneous in terms of the baseline risks of liver injury,
despite our stratified analysis comparing homogeneous sub-
groups of patients with similar indications. Furthermore, mon-
itoring of patients and the quality of reporting of the safety
outcomes varied across the studies. We did not define specific
cutoff values for liver enzyme levels that warranted treatment
termination because different criteria were used in the differ-
ent studies, and such a discrepancy reflects clinical practice.
Second, studies of empirical antifungal use and the use of
antifungals against definitive mold or yeast infection had dif-
ferent treatment durations and may have had different oppor-
tunities to detect liver injury. In the stratified analysis based on
the treatment indication, we found that in comparison with
empirical treatment, definitive treatment was associated with a
significantly higher risk of treatment discontinuation due to an
abnormal liver function but not due to the other two safety
outcomes. Third, for amphotericin B-related formulations, dis-

continuation due to infusion-related or renal toxicity before
the onset of liver toxicity may lead to underestimation of the
risk of liver toxicity. Fourth, the limited data for echinocandins
preclude precise estimates of the cumulative incidence of ad-
verse events from being made.

In the auxiliary analysis we included nonrandomized trials
and observational studies to evaluate antifungal safety in real
clinical practice and found that the results were similar to those
from randomized trials. In conclusion, in this meta-analysis of
39 randomized control trials with almost 9,000 enrolled pa-
tients with probable or documented invasive fungal infection,
we found that fluconazole and echinocandins were generally
associated with a lower risk of treatment termination and ad-
verse liver events. The use of itraconazole and voriconazole
was associated with a higher risk of liver injury, and users of
those agents, especially those at high risk for hepatic dysfunc-
tion, need to be closely monitored during antifungal therapy.
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